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Abstract 

Attributable to the superior visible light active nature and high efficiency, silver 
phosphate (Ag3PO4) has attracted gigantic attention for decomposition of organic 
contaminants and fuel production. The photoresponsivity of Ag3PO4 hugely depends 
upon the morphology, method of fabrication, formation of hybrids and photocorrosive 
nature of it. The cause of high activity, activity based on morphology and various 
methods of synthesis of Ag3PO4 based photocatalysts to improve the stability of Ag3PO4 
for applications towards energy and environment is the crux of the matter in this review. 
Important applications including photocatalytic pollutant degradation, O2/H2 production, 
and bacterial degradation are also addressed. Finally, summary and outlooks on the 
challenges and future perspectives of this emerging photocatalyst are presented.  
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1. Introduction 

In the twenty-first century the diminution of fossil fuel and the environmental pollution 
has raised much global anxiety. From the introduction of photocatalysis, much research 
has been devoted towards the search of semiconductors which can harvest the plentiful 
available solar light as the nature does by photosynthesis. For the last some decades, 
photocatalysis technique is used for various applications Ca. water splitting to produce 
hydrogen and oxygen fuel, organic pollutant degradation and decontamination of bacteria 
causing hazardous diseases from water (Scheme 1). Owing to the multitasking capacity 
of various semiconductors, the photocatalysis process is the most green and easy 
technology for the coming generation. For this, researchers from the world are trying to 
develop new and extra ordinary catalysts which are active under visible light, highly 
recyclable, having high quantum efficiency and are easy to prepare.   

 

Scheme 1. Different applications of photocatalysis. 

In order to use around 45 % of the visible light available in the solar light, narrow band 
gap photocatalysts are needed. The narrow band gap photocatalysts should have a band 
gap between 2.0 eV to 2.8 eV, so that they can be efficiently used for any photocatalytic 
reaction under visible light and also they should not face charge carrier recombination. 
Along with the narrow band gap a photocatalyst should possess suitable redox potential 
and strong absorption of light. Unfortunately, most of the semiconductors at present lack 
some of these expectations and are not able to meet all those conditions. So, the invention 
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of materials with narrow band gaps such as Fe2O3, Cu2O, BiVO4, CdS, CoTiO3, NiTiO3 
etc. were done. But, these narrow band gap photocatalysts usually suffer from low 
efficiency. For example, BiVO4 demonstrates a low quantum yield of only 9% at 450 nm 
irradiated light wavelength [1]. Non-oxide semiconductors, which could have high 
quantum yields, unluckily suffer from photocorrosive nature. Again sulphides and 
nitrides experienced to be self-oxidative in a photoelectrochemical setup [2,3]. Doping 
with cations (e.g. V, Mn, or Cr) and anions (e.g. N, S, or P) has also been commonly 
explored as a strategy to improve absorption of visible light, with an aim of introducing 
donor or acceptor levels into the bulk band gap of a host oxide that remains chemically 
inert. This approach suffers from a loss of performance due to the introduction of 
abundant recombination centres for the photoexcited charge carriers [4]. It is also said 
that the synthesis of nanoporous metal phosphates with different morphologies at all 
times is very attractive due to their unique advantages of having abundant active sites for 
reactions with high surface areas and fast interfacial transport of protons/electrons by 
decreasing the diffusion path length through the porous structure [5–8]. Considering the 
metal phosphates particularly, in the field of heterogeneous catalysis several metal 
phosphates devoted for various application oriented reactions. Like vanadium phosphate 
phase [9], Iron phosphates, other important oxidation catalysts, also showed high activity 
in a variety of oxidation reactions [10–12]. Zirconium and titanium phosphates are the 
most studied members of solid acids [11-12]. Their electric behaviors, on the other hand, 
have been widely investigated. Tian et al. found that an air electrode manufactured from 
mesoporous zirconium phosphate exhibited remarkable electrocatalytic activity for 
oxygen reduction reaction [13]. Due to the relatively high specific surface area and 
richness in surface hydroxyl group, mesoporous transition metal phosphates materials 
have been frequently employed as adsorbents for radionuclide materials [14] and heavy 
metal ions [15]. Our previous work is also based on a metal phosphate (Co3(PO4)2) which 
was applied for the production of hydrogen by water splitting photocatalytically. [16] 
Yamauchi et al. also focused on the synthesis of nanoporous nickel, aluminum, and 
zirconium phosphates and studied their superior energy storage application [17]. Ho et al. 
synthesized copper phosphate microflowers for the artificial solar-to-fuel conversion 
system [18]. Thus, the metal phosphates are extensively used in photocatalytic 
applications currently.  

Since the introduction of better-quality visible light active Ag3PO4 by Yi et al. [19] lots of 
research was focused towards Ag3PO4 based photocatalysis (Scheme 2). It is a yellow 
colored material having superior visible light activity. Photodegradation of organic 
pollutants is mainly due to very deep position of the valence band which produces the 
strong oxidative ability of photogenerated holes (h+). Ag3PO4 has very high quantum 
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efficiency towards O2 evolution and is dozens of time quicker than BiVO4 and TiO2-xNx, 
towards the decomposition of methylene blue due to its very high photooxidation 
property indeed [19]. Additionally, the most motivating fact is that this unique 
photocatalyst can achieve a quantum efficiency of up to 90% at wavelengths greater than 
420 nm, which is significantly higher than the previous reported values [19]. So, these 
findings could be expected to solve the global energy crisis and environment problems 
with huge availability of solar light and hence, attracting number of researchers towards 
itself. But, unfortunately the consumption of a large amount of noble metal and the low 
structural stability of pure Ag3PO4 and photocorrosive behaviour in presence of light 
strongly limits its practical environmental applications in spite of its promising attributes. 
Since then, many efforts have been dedicated for further improvement and optimization 
of its photoelectric and photocatalytic properties and stability. It is a defy to uphold both 
the photocatalytic property and photostability of the Ag3PO4 under the reaction condition 
of light as metallic silver forms within the reaction condition (Ag+ + e˗ → Ag0) in 
presence of photon. So, many efforts were made by different research groups for tuning 
the properties Ag3PO4 which can ultimately upgrade its activity as well as stability. In 
this review, a clear summary of research progress on silver phosphate based photocatalyst 
and their applications were described along with the structure, properties, and theoretical 
aspects of Ag3PO4.  

 

Scheme 2. The superior properties of Ag3PO4 as a photocatalyst. 

1.1 Pristine Ag3PO4 as photocatalyst 

No matter how much the efficiency of the miraculous Ag3PO4, it also has so many cons 

like other semiconductors used as photocatalyst.  The band diagram of Ag3PO4 is shown 
in Scheme 3. The conduction band minima of the Ag3PO4 is aligned at 0.45 V, NHE 
which is incapable for the proton reduction reaction as the conduction band minima is 
more positive than the hydrogen reduction potential 0.0 V, NHE. Also, it cannot produce 
superoxide radicals due to the same reason of having positive conduction band position. 
Another promising limitation of Ag3PO4 is that it undergoes photocorrosion in presence 
of light and yields metallic silver as mentioned earlier. So many researchers have tried to 
understand the fundamentals of its ability and also they wanted to improve the activity by 
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modifying the phases or else scheming a heterostructure with silver phosphate to avoid 
the photocorrosion. This part is well described further in the article.  

Besides owing an extraordinary photoactivity silver phosphate tends to photodegradation 
in the presence of light and this limits its practical application towards energy and 
environment. The authors also studied the photocorrosion property of pure Ag3PO4 where 
black metallic silver comes out of the photocatalyst after the photoreaction. For which 
reusability of the photocatalyst cannot be studied. As can be seen from Scheme 3, the 
position of top of the valence band (EVB) Ag3PO4 is at 0.45 V vs. NHE at pH 0. As 
described by Yi et al. [19] the electrode potential of Ag/Ag3PO4 lies between the 
hydrogen reduction potential and Ag/AgNO3 (0.80 V vs. NHE at pH 0). For which 
Ag3PO4 cannot produce H2 through water splitting. The main issue regarding the practical 
use of Ag3PO4 is that it undergoes self reduction under the irradiation of light. Again due 
to the more positive conduction band the photocatalyst cannot reduce dissolved oxygen to 
superoxide radical (•O2

-) which is a useful radical to decompose any organic pollutants. 
But due to its deep VB position the holes can directly oxidize the organic pollutants 
efficiently and also the VB can produce hydroxyl radical which is another highly 
oxidizing radical to flash decomposition of pollutants. So, to make Ag3PO4 stable is the 
ultimate goal while retaining its photocatalytic activity.  

 
 
 
 
 
 
 
 
 

Scheme 3. Band diagram of Ag3PO4 showing CB and VB. 

2. Electronic understanding of Ag3PO4  

As discussed in the previous section, Ag3PO4 is a promising photocatalyst in the direction 
of both oxygen evolution and photodegradation of organic contaminants. As a result, 
many researchers tried to analyse the origin of stupendous activity of it by computational 
analysis. Recently, Kahk et al. and Ma et al. described the structure of Ag3PO4. It is 
known to crystallize in the cubic structure with space group P4-3n [20,21]. The crystal 
structure consists of isolated, regular PO4 tetrahedral forming a body-centred cubic 
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lattice. As shown in Fig. 1, the Ag atom experiences 4-fold coordination by four O atoms. 
The P atoms have 4-fold coordination surrounded by four O atoms, while the O atoms 
have 4-fold coordination surrounded by three Ag atoms and one P atom [20,21]. Kahk 
and group described that the calculated lattice parameter of Ag3PO4 obtained from hybrid 
DFT calculations is 6.072 Å and the value of the lattice parameter was determined from 
X-ray diffraction to be 6.004 Å. Ma and group deduced the polyhedron configuration of 
Ag3PO4. Fig. 1(c) consists of tetrahedral PO4 and AgO4. They mentioned that one PO4 
tetrahedron and three tetrahedral AgO4 are combined with each other through the corner 
oxygen and the absolute cause of the photocatalytic activity of Ag3PO4 is explained as 
PO4

3- ions having a large negative charge (an inductive effect) which maintains a large 
dipole in the Ag3PO4, which results in the distortion of tetrahedral AgO4. Again, they 
precisely described that as PO4

3- possessing a large electron cloud overlapping prefers to 
attract holes and repel electrons, which helps the e-/h+ separation which thereby remains 
as another cause of the extraordinary activity. Similarly, Botelho et al. studied the 
structural behavior by means of X-ray diffraction, Rietveld refinement, and Raman 
spectroscopy to model the cubic Ag3PO4 structure (Fig. 1(d))[20].  

 

 

Figure 1. (a)The cubic crystal structure of Ag3PO4. The local coordination environments 
of P (tetrahedral) and Ag (distorted tetrahedral) are shown. Reprinted with permission. 
Copyright Kahk et al., 2014, RSC Publishing group.[21]  Unit-cell structure of cubic 
Ag3PO4, showing (b) ball and stick and (c) polyhedron configurations. Red, purple, and 
blue spheres represent O, P, and Ag atoms, respectively. Reprinted with permission. 
Copyright Ma et al., 2011, ACS Publications.[20] (d) Schematic representation of the 
cubic Ag3PO4 structure, illustrating both tetrahedral [AgO4] and [PO4] clusters. 
Reprinted with permission. Copyright Botelho et al., 2015, ACS Publications [20]. 
 

To look into the origin of photocatalytic activation of Ag3PO4, an electronic structure is 
needed to explain. Ag3PO4 having an indirect band-gap of 2.36 eV as well as a direct 
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transition of 2.43 eV, which was deduced from the ultraviolet-visible diffuse reflectance 
spectrum [19]. Thus, Ag3PO4 is able to absorb irradiation with a wavelength shorter than 
530 nm, well extending into the visible region. 

Again theoretical studies have been carried out for the illustration of electronic structure 
and purpose of understanding the excellent high photocatalytic activity of Ag3PO4 by 
using first-principle of density functional theory (DFT) (Fig. 2). Ma et al. [20] used first-
principle DFT combined with the LDA+U formalism to show that Ag3PO4 has a large 
dispersion of conduction band, which facilitates the separation of charge carriers. 
Moreover, high concentration of Ag vacancies in Ag3PO4 lattice has a significant effect 
on the separation of electron−hole pairs and optical absorbance in the visible-light region. 
On basis of the above studies and results, Liu et al. [22] used hybrid density functional 
method to more precisely get the electronic structure of Ag3PO4 photocatalyst (Fig. 3). 
The group got great results with a band gap of 2.43 eV, which agrees well with the 
experimental result. The conduction bands are credited to Ag5s and 5p states, while the 
valence bands mainly consist of O2p and Ag4d states. The VBM potential was 2.67 eV 
(Vs. NHE), which indicates an adequate driving force for water oxidation or pollutants 
degradation. Xu et al. [23] determined the stability and mechanisms of the electron 
transfer, as well as the photocatalytic efficiency of the composite by the interaction 
between the Ag3PO4 surface and graphene (GR). The Ag3PO4/GR geometry and 
separation characterize the strength of the interfacial interaction. Kahk et al. [21] 
represented high-resolution X-ray photoelectron spectra of Ag3PO4, together with results 
from theoretical calculations using hybrid DFT. Their group discussed the agreement 
between the theoretical and experimental results and also shown that hybrid DFT 
calculations predict the structural, electronic and optical properties of Ag3PO4 with good 
accuracy. Additionally, they presented an interpretation of the detailed electronic 
structure of Ag3PO4 from the perspective of molecular orbital (MO) theory (Fig. 4). In 
the report, they have rationalized electronic structure of Ag3PO4 by using an approach 
based on molecular orbital (MO) theory which reveals the highly localized nature of 
bonding in these materials. In case of Ag3PO4, as the covalent interactions between the 
phosphorus and the oxygen atoms are far stronger than those between silver and oxygen, 
they have constructed a molecular orbital diagram for Ag3PO4, starting from that of an 
isolated (PO4)3− unit. For the (PO4)3− unit, it is sufficient to consider only sigma 
interactions between the orbitals on P and O. The four oxygen atoms contribute two 
orbitals of sigma symmetry each: the 2s, and one of the three 2p. Under a tetrahedral 
environment these yield two triply degenerate ligand group orbitals (LGOs) of t2 
symmetry, and two LGOs of a1 symmetry. These overlap with the P 3s (a1) and P 3p (t2) 
orbitals to form twelve molecular orbitals (MOs) as shown in Fig. 4. 
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Figure 2. (a) Band structure of Ag3PO4 calculated using the PBE0 approach. (b) A 
magnified view of band structure near the Fermi level. Reprinted with permission. 
Copyright Liu et al., 2011, AIP Publications.[22] 

 

 

Figure 3. TDOS and PDOS of Ag3PO4 using PBE0 approach. Reprinted with permission. 
Copyright Liu et al., 2011, AIP Publications.[22] 
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Figure 4. A molecular orbital (MO) diagram of Ag3PO4. Reprinted with permission. 
Copyright Kahk et al., 2014, RSC Publishing group.[21]   

3. Ag3PO4 based composite for environmental applications 

To harvest photons in the visible region, many narrow band gap metal oxides or 
chalcogenides have been coupled with TiO2 to fabricate visible-light photocatalysts, 
which exhibit visible light photocatalytic activity to a certain extent. Such a strategy is 
also applied to modify Ag3PO4 photocatalyst to enhance its photocatalytic activity and/or 
improve its stability. The previous investigations showed that the photocatalytic activity 
of Ag3PO4 can be enhanced by Ag nanoparticles deposition on Ag3PO4. Because, the 
Ag3PO4 decomposition to metallic silver provides the platform to capture the 
photogenerated electrons and thus prevent the recombination of electron-hole pairs within 
the Ag3PO4 samples at the initial stage of photocatalytic reactions. However, the 
photoactivity decreases with increasing Ag contents due to the formation of Ag layers on 
the surface of Ag3PO4 that shield light absorption, inhibit the transfer of holes from the 
valance band of Ag3PO4 to the interface between photocatalyst and solution and also 
hinder the contact of pollutant molecules with Ag3PO4 and accordingly, the 
photocatalytic activity deteriorates gradually.[24] This deterioration of photocatalytic 
activity due to photocorrosion largely limits its practical application as a recyclable 
highly efficient photocatalyst. It is found that the Ag/Ag3PO4 heterocubes synthesized by 
reacting Ag3PO4 cubes with glucose in an aqueous ammonia solution exhibit higher 
photocatalytic activities than pure Ag3PO4 cubes for degradation of organic contaminants 
under visible-light irradiation [25]. The stability improvement of Ag3PO4 by covering 
Ag0 nanoparticles on the surface of Ag3PO4 is attributed to the localized surface plasmon 
resonance (LSPR) effects of silver nanoparticles and a large negative charge of PO4

3− 
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ions, [26,27] which effectively inhibit the reducibility of Ag+ ions in the Ag3PO4 lattice. 
Ag3PO4 can also be rejuvenated from weak photocatalytically active Ag as a recyclable 
highly efficient photocatalyst by oxidizing Ag with H2O2 under a PO4

3− ion atmosphere 
[28]. However, these methods have so many cons form a practical application 
perspective. Thus, the fabrication of Ag3PO4 based composite photocatalysts with high 
photocatalytic activity and excellent stability as well as lower Ag usage for their large 
scale applications is desirable.  

Yao et al. synthesized Ag3PO4/TiO2 visible light photocatalyst by depositing of Ag3PO4 
nanoparticles onto the TiO2 (P25) surface photocatalyst [29]. Their results show that the 
Ag3PO4/TiO2 heterostructured photocatalyst shows enhanced activity and is much more 
stable than unsupported Ag3PO4. The enhanced activity is attributed to the electron hole 
effective separation and the larger surface area of the Ag3PO4/TiO2 composite, while the 
enhanced stability is ascribed to the chemical adsorption of Ag+ cations in Ag3PO4 and 
O− anions in TiO2. Moreover, the silver weight percentage of the photocatalyst decreases 
from 77% to 47%, significantly reducing the cost of Ag3PO4 based photocatalysts for the 
Ag3PO4/TiO2 composite [29]. The UV photocatalytic activity of Ag3PO4/TiO2 composite 
heterostructures was comparable to that of Ag3PO4 nanoparticles surfaces. Not only the 
stability, but also the reusability of the Ag3PO4/TiO2 heterostructure catalysts was 
substantially enhanced as compared to that of the Ag3PO4 nanoparticles and TiO2 
nanobelts alone. These results were attributed to the improved charge separation of the 
photogenerated electrons and holes under UV light at the Ag3PO4/TiO2 interface and/or 
surfactant-like function of the nanobelts in stabilizing the Ag3PO4 nanoparticles. 
Ag3PO4/TiO2 composite heterostructures appear to be more desirable in long-term 
applications because of their photocatalytic activity as well as the enhanced chemical 
stability [30].  

Considering that the VB level of Ag3PO4 is appreciably lower than that of TiO2 with +2.7 
V (Vs. NHE) and Ag3PO4 can be severed as an appropriate sensitizer for TiO2. Lee et al. 
fabricated the novel heterojunction structures of Ag3PO4-core/TiO2-shell by covering the 
Ag3PO4 nanoparticles with polycrystalline TiO2 by sol-gel method. The prepared 
Ag3PO4/TiO2 composites show notably enhanced photocatalytic activity in decomposing 
gaseous 2-propanol and evolving CO2 compared to bare Ag3PO4 and TiO2. They 
explained the unusually high visible-light photocatalytic activity of Ag3PO4/TiO2 
composite originates from the unique relative band positions of the two semiconductors 
[31]. 

Besides Ag3PO4/TiO2 composite heterostructures, AgX/Ag3PO4 (X=Cl, Br, I) 
heterocrystals have also attracted much attention due to the excellent photocatalytic 
activity. Bi and co-workers have reported that the AgX/Ag3PO4 (X=Cl,Br,I) 
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heterocrystals prepared by in-situ ion-exchange method embodied some advantages 
compared to the single Ag3PO4 and reported to be more promising and fascinating 
visible-light-driven photocatalyst than pure Ag3PO4 [32]. The AgBr/Ag3PO4 hybrid 
synthesized using an in situ anion-exchange method displayed much higher 
photocatalytic activity than single AgBr or Ag3PO4, as well as high stability under visible 
light irradiation. The high stability was attributed to the formed Ag@AgBr/Ag3PO4@Ag 
plasmonic system, which effectively retains its activity due to the efficient transfer of 
photoinduced electrons [33]. 

Similarly, Ag3PO4-based composite photocatalysts including Fe3O4/Ag3PO4 (magnetic 
separable) [34], In(OH)3/Ag3PO4 (enhancing absorption by tuning surface electric 
property) [35], Ag3PO4/carbon nanotube-stabilized pickering emulsion (enhancing 
activity by surface-chemical design of novel micro-reaction system) [36], Ag3PO4-
graphene [37], Ag@(Ag2S/Ag3PO4) (facilitating migration of charge carriers) (enhancing 
activity via synergistic effect of Ag and Ag2S) [38], AgX/Ag3PO4 (improving stability 
via core-shell structure) [39] and so forth have been successfully synthesized and studied. 
Each of the synthesized photocatalysts shows exclusive characters (described in the 
brackets behind) as well as common features shared with others like the promotion of 
charge carrier separation, increase of surface area and so forth.  

 

 

Figure 5. Photocatalytic O2 evolution under visible light irradiation (wavelength > 420 
nm) over bare Ag/AgBr, Ag3PO4, Ag3PO4/RGO, Ag3PO4/Ag/AgBr, and 
Ag3PO4/Ag/AgBr/RGO (from bottom to top) (a) and transient photocurrent responses of 
electrodes functionalized with Ag3PO4-based materials in the same order (bottom to top) 
as in panel (b) (Measurements proceeded in a 0.01 mol/L Na2SO4 aqueous solution under 
visible light irradiation (wavelength > 420 nm, I0=64 mW/cm2) at 0.5 V (Vs. SCE) bias. 
Reprinted with permission. Copyright Hou et al., 2012, ACS Publications.[40] 
 
Hou et al. prepared graphene-supported Ag3PO4/Ag/AgBr via photoassisted 
deposition−precipitation method [40]. This was followed by subsequent hydrothermal 
treatment. He also found that, compared to the bare Ag3PO4 powder the O2-evolution rate 
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of the nano-composite was two times under the irradiation of visible light. Compared 
with unsupported Ag3PO4/Ag/AgBr, graphene supported bare Ag3PO4 and Ag/AgBr, it 
also performed improved activity (Fig. 5). The depletion of the conduction band electrons 
of Ag3PO4, downshift of the Ag3PO4 valence band influenced by silver and charge 
transferring onto the graphene support were responsible for the enhanced activity (Fig. 6). 
 

 

Figure 6. Idealised model of the synergistic increase of photocatalytic activity of Ag3PO4 
upon functionalization with Ag/AgBr and RGO. Reprinted with permission. Copyright 
Hou et al. 2013, ACS Publications. Reprinted with permission. Copyright Hou et al., 
2012, ACS Publications.[40] 

Another special case, in terms of the preparation method which is well investigated by 
Yu et al. [41] Ag3PO4–polyacrylonitrile (PAN) hetero-nanofibers were successfully 
fabricated through electro-spinning technique (Fig. 7). The Necklace-like Ag3PO4-PAN 
(Fig. 8) exhibited excellent photocatalytic activities for the degradation of organic 
contaminants under visible light irradiation. By tuning the mass ratio (between Ag3PO4 
and PAN) and applied voltage, the morphology of the product can be changed 
correspondently. Since, electrospun polyacrylonitrile is used in the clothing production; 
this research implies a possibility to make the clothing material photocatalytically self-
cleanable. 

 

 

Figure 7. A schematic illustration of the formation process of the Ag3PO4–PAN necklace-
like nanofibers prepared by electrospinning. Reprinted with permission. Copyright Yu et 
al., 2013, RSC publishing group.[41] 
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Figure 8. Schematic illustration of formation process of Ag3PO4–PAN necklace-like 
nanofibers prepared by electrospinning (a) and SEM images of products (b, c). Reprinted 
with permission. Copyright Yu et al., 2013, RSC publishing group. [41] 

As mentioned later, examples also exist in the field whereby Ag3PO4 is coupled with 
either a metal or semiconductor (or both) and used to degrade organic contaminants/dyes. 
In all cases, the modified heterojunction can significantly outperform Ag3PO4 alone. The 
working theory suggests that electron/hole migration from semiconductor to 
semiconductor prevents recombination, and thus either the electron or hole has a 
significantly longer lifetime. Wang et al. [42] synthesized AgBr/Ag3PO4 hybrid 
microstructures by a facile method. These hybrids exhibited the enhanced photocatalytic 
performance for degradation of rhodamine B (RhB) under the visible light illumination. 
Additionally, the effect of AgBr on the recyclability of the hybrid was investigated by 
them. Consequently, the photo-corrosion was compensated which showed the same 
degradation rate during the second cycle as the first cycle. They described the charge 
carrier transfer that when the visible light illuminated, the photogenerated holes in an 
Ag3PO4 particle quickly transferred to an AgBr particle, while the photogenerated 
electrons migrated to the Ag3PO4 particle, promoting the separation of photogenerated 
carriers in the photocatalytic system. 

Fan et al. [43] designed for the first time photocatalytic composite, Ag3PO4/g-C3N4 to 
investigate the activities in converting CO2 to fuels under simulated solar light. It was 
observed that the loading of Ag3PO4 remarkably promoted the photocatalytic activity of 
g-C3N4 on CO2 photoreduction, proving that the system works in the Z-scheme way. 
Shalom et al. [44] showed the facile synthesis of an efficient silver phosphate/graphitic 
carbon nitride (Ag3PO4/g-C3N4) photocatalyst for oxygen production and pollutant 
degradation by using electrostatically driven assembly and ion-exchange processes. The 
composite materials demonstrate a sheet-like C3N4 structure, decorated with different 
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Ag3PO4 particles sizes. So, a Z-scheme photocatalytic mechanism for the degradation of 
RhB and O2 evolution is proposed by the group. They elaborated that in the beginning, 
the system behaves similar to an ordinary heterojunction and electrons could pass from 
the CB of ECN to Ag3PO4 or they are generated in Ag3PO4 as such. Song et al. reported 
the magnetic Ag3PO4/TiO2/Fe3O4 heterostructured nanocomposite. The nanocomposite 
was found to exhibit markedly enhanced photocatalytic activity, cycling stability and 
long-term durability in the photodegradation of acid orange 7 (AO7) under visible light. 
Moreover, the antibacterial film prepared from Ag3PO4/TiO2/Fe3O4 nanocomposite 
presented excellent bactericidal activity and recyclability toward Escherichia coli (E. 
coli) cells under visible-light irradiation (Fig. 9) [45]. Reunchan et al., using hybrid 
density-functional calculations, studied the possibilities for n-type and p-type doping in 
Ag3PO4 by doping sulphur and silicone in Ag3PO4. It was found that sulfur substituted for 
phosphorous (SP) has relatively low formation energy (high solubility) and acts as a 
shallow donor in any examined growth conditions (Fig. 10). Whereas, substitutional 
silicon at phosphorous site (SiP) is a deep acceptor and its solubility is low, indicating 
that p-type conductivity is unlikely to occur by Si doping [46]. Chen et al. investigated 
PANI/Ag/Ag3PO4 composite obtained by in-situ depositing Ag3PO4 nanoparticles on the 
surface of the prepared PANI and studied the best photocatalytic activity towards 
Rhodamine B degradation by 20 wt. % PANI/Ag/Ag3PO4 composite, which is 
approximately 4 times higher than that of pure Ag3PO4 [47]. The interfacial electric field, 
formed at the interface of Ag3PO4 and PANI can promote the separation efficiency of 
photogenerated electrons and holes of Ag3PO4. Meanwhile, the direction of the electric 
field may also have contributed to the improvement of the photocatalytic stability of the 
PANI/Ag3PO4 composite. The relevant mechanism is schematically shown in Fig. 11. 
The long chain of leucoemeraldine base PANI is connected to each other by the –NH- 
bonds and the N atoms in the outer layer are very easy to adsorb Ag+ because of its strong 
negative lone-pair electrons. Then, the adsorbed Ag+ oxidizes –C-NH- bond to –N-C- 
bond due to the weak reduction ability of leucoemeraldine base PANI, resulting in the 
formation of Ag0. PO4

3- will react with the adsorbed Ag+ and Ag3PO4 particles is then in-
situ formed on the long chain of PANI. The design and synthesis of highly efficient 
visible-light-driven photocatalysts through a facile, environmentally friendly, and 
economical method have become a key aim in the photocatalytic field. In this study, they 
prepared reduced graphene oxide grafted Ag3PO4 (RGO/Ag3PO4) composites with 
enhanced photocatalytic activity by the in-situ deposition of Ag3PO4 nanoparticles on the 
surface of RGO sheets. The as prepared photocatalysts were tested towards the 
photocatalytic degradation of RhB dye.[48] Yang et al. reported a novel 
Ag@Ag3PO4@ZnO ternary heterostructures synthesized through a three-step approach 
[49]. They fabricated Ag nanorods via a modified polyol method which serve as the 
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substrates for subsequent Ag3PO4 deposition in an aqueous solution containing mainly 
[Ag(NH3)2]+ and HPO4

2- (I). They described the PVP plays a key role as the bridging 
molecule to effectively decrease the high interfacial energy between Ag nanorods and 
Ag3PO4 nanoparticles. Also, the authors prepared the samples at different stages in 
which, the Ag nanorods serve as non-planar substrates with smooth surface are 10 µm in 
length and 150 nm in diameter. When they adjusted the reactant concentrations to 0.15 M 
(standard condition), the deposited Ag3PO4 crystals are polycrystalline nanoparticles 
arranged continuously along the Ag nanorods with a proper density. Furthermore, the 
three components of Ag, Ag3PO4 and ZnO possess a good match in their energy band 
structure, for example, their band-edge positions: ZnO (CB = -0.6 eV, VB = 2.6 eV), 
Ag3PO4 (CB = 0.45 eV, VB = 2.88 eV) and Ag (Ef Ag = 0.4 eV Vs. normal hydrogen 
electrode (NHE)). Therefore, they illustrated in the article that due to the coaxial structure 
and the matched energy band-edge of the three components, photo-generated electrons 
can readily transfer to and concentrate on the surface of Ag nanorods, while the holes 
transport to the valence band of ZnO, thus decreasing the recombination rate of the 
photo-induced charge carriers.  

 

 

Figure 9. (A) Photographs of antibacterial results on E. coli for TiO2, Fe3O4, TiO2/Fe3O4, 
Ag3PO4, Ag3PO4/Fe3O4, and Ag3PO4/TiO2/Fe3O4 samples. (B,C) FE-SEM images of E. 
coli (B) before and (C) after being killed on Ag3PO4/TiO2/Fe3O4 under visible-light 
irradiation. (D) Enlarged view of a damaged E. coli cell. Reprinted with permission. 
Copyright Xu et al., 2014, ACS Publications.[45] 



291 

 

Figure 10. (a) Projected density of states (PDOS) of S, P and Si 3p orbitals (blue shaded) 
and 2p orbitals (red shaded) of the four nearest O atoms for P S, P P and P Si in the 
neutral charge state. The insets show the charge distribution of the bonding state 
associated with S-O, P-O and Si-O bonds, which are indicated by the solid green arrows. 
The highest occupied state is schematically shown by the vertical black arrows. (b) 
Schematic diagram for the interaction between 3p orbitals of S, P or Si with the p 
orbitals of P vacancy ( P V ) in P S , P P and P Si in Ag3PO4. The solid dots represent the 
electron occupation. The charge distributions of the bottom of the conduction band in P S 
and of the acceptor state which is located above the valence band (VB) in P Si are also 
shown. The isosurfaces in all cases are set to about 90% of the maximum of the 
respective charge densities. Reprinted with permission. Copyright Umezawa et al., 2015, 
ACS Publications.[46] 
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Figure 11. Proposed mechanism for the charge transfer of the photogenerated electrons 
and holes by Ag3PO4 in the PANI/Ag/Ag3PO4 composite under visible light illumination. 
Reprinted with permission. Copyright Bu et al., 2014, ACS Publications. [47] 

Zhai et al. also used carbon compounds to help improve the photooxidation of water by 
Ag3PO4 (Fig. 12) [36]. By using multi-wall carbon nanotubes (MWNTs), the authors 
were able to double the amount of oxygen produced by Ag3PO4, and also greatly improve 
stability. The MWNTs could shuttle photogenerated electrons away from Ag3PO4 due to 
their relatively large work functions (4.30 to 4.95 eV) and excellent electronic 
conductivity as a result from specific p-conjugated structures, thus being able to prevent 
photodegradation [50-52]. Such electron transfer from Ag3PO4 to MWNTs was 
evidenced by Pd2+ reduction to Pd on the MWNTs, not yet found directly on the Ag3PO4, 
or in the absence of Ag3PO4. It should be noted that the contribution from plasmonic 
effects of photoreduced Ag nanoparticles on this electron shuttling could be actually 
ruled out because; (1) Ag nanoparticles were not formed in this system as evidenced by 
the great improvement of stability of Ag3PO4; (2) plasmonic effects usually cause low 
quantum efficiency which is not likely to lead to the photodeposition of Pd on MWNTs 
in 20 min irradiation [53-54].  

Silver phosphate can also be utilized for valence band charge transfer when combined 
with SrTiO3, demonstrated by Guan et al. (Fig. 13) [55]. The composite was synthesized 
using a facile hydrothermal method, whereby nanosized SrTiO3 particles were grown on 
Ag3PO4 polyhedrons. By controlling the molar ratio of SrTiO3 to Ag3PO4, the authors 
were able to enhance the photoactivity for oxygen evolution up to 75%. Interestingly, the 
composite was much less active in comparison to that synthesized via a hydrothermal 
method, which was ascribed to poor dispersion and bad interfacial contact between the 
two semiconductors. The authors attributed the increase in activity to an electron–hole 
transfer mechanism, decreasing recombination and increasing charge separation. The 
SrTiO3–Ag3PO4 composite demonstrated greater stability as evidenced by a larger TON 
(2.04) in comparison to bare Ag3PO4 (1.69). Despite this, SrTiO3 has a more negative 
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conduction band than that of Ag3PO4. Therefore, electrons cannot be transferred from 
SrTiO3 to Ag3PO4 and the composite still suffers from bulk photocorrosion (unless a 
scavenger is used).  

Whilst, it is evident that electron reduction of silver cations has serious photocorrosion 
issue in Ag3PO4, several photocatalysts have the ability to accept electrons due to their 
lower conduction band. For example, Li et al. very recently demonstrated that deposited 
Ag3PO4 nanoparticles on (040) facets of large BiVO4 crystals could efficiently degrade 
methylene blue (MB), how the CB of BiVO4 lies at a more positive position than the CB 
of Ag3PO4 and reasons of its excellent stability [56]. Very recently, FeOOH was shown 
to have favorable conduction band positioning (+0.5 V Vs. NHE) and also shown to have 
significant enhancement in the photooxidation ability of BiVO4 when deposited as a 
catalyst, boosting IPCE (incident photon-to-electron conversion) from 9% up to 60% in 
the visible light range [57-58]. Considering the position of the CB of Ag3PO4 (Ca. +0.4 V 
Vs. NHE), the same strategy could also be applied, so that electrons are shuttled 
effectively from Ag3PO4 to FeOOH and thereby increasing hole lifetimes leading to 
efficient water photooxidation. In terms of regeneration, Wang and co-workers used 
sodium phosphate and hydrogen peroxide to rejuvenate Ag to Ag3PO4, showing that it 
can be easily recycled [59]. Alternatively, Yi et al. developed two strategies to anodically 
oxidise photoreduced Ag back to Ag3PO4; here they definitively show ions in the reactant 
solution can serve as a phosphate source and replenish the photocatalyst with successive 
rejuvenations showing no loss of photocurrent [60]. Moniz et al. have recently reviewed 
successes based on BiVO4 architectures with reported STH conversion efficiencies of 
over 4.5% [61]. Considering BiVO4 was discovered over a decade before Ag3PO4 and 
both have similar CB positions, it is envisaged that with continued development silver 
phosphate has the potential to achieve commercial success, provided problems such as 
photodegradation are solved. 

 

 

Figure 12. Schematic of a highly efficient Pickering emulsion-based photocatalytic 
system formed by self-assembling Ag3PO4–MWNT nanohybrid at the water/oil interface. 
Reprinted with permission. Copyright Zhai et al. 2013, ACS Publications.[36] 
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Figure 13. Schematic diagram of band structure and expected charge separation of 
SrTiO3/Ag3PO4 composite under visible-light irradiation. Reprinted with permission.  
Copyright 2014, Guan et al. ACS Publications.[55] 

To improve upon the stability and photoactivity of Ag3PO4, various systems coupled with 
silver phosphate as described. Our group also tried to augment prominently the stability 
and reactivity of Ag3PO4 by designing Z-scheme heterostructure with RGO (Fig. 14) 
without any mediator third party [62]. A visible light driven, direct Z-scheme reduced 
graphene oxide–Ag3PO4 (RGO–Ag3PO4) heterostructure was synthesized by means of a 
simple one-pot photoreduction route by varying the amount of RGO under visible light 
illumination. Furthermore, total organic carbon (TOC) analysis confirmed 97.1% 
mineralization of organic dyes over RGO–Ag3PO4 in just five minutes under visible light 
illumination. The use of different quenchers in the photomineralization suggested the 
presence of hydroxyl radicals (•OH), superoxide radicals (•O2

-), and holes (h+), which 
play a significant role in the mineralization of organic dyes. Additionally, clean hydrogen 
fuel generation was also observed with excellent reusability. Unlikely to the previous 
reports on water oxidation over Ag3PO4, it is the first report on hydrogen evolution from 
Ag3PO4 hybrids. The RGO–Ag3PO4 heterostructure has a high H2 evolution rate of 3690 
µmolh-1g-1, which is 6.15 times higher than that of RGO. Also we have studied the 
photostability and reusability of the heterostructure for practical applications by both dye 
mineralization and H2 production experiments. The production of H2 increased 
progressively with illumination time without any deactivation, even after four cycles 
(Fig. 15a). To ascertain the structural changes of the catalysts after 12 h of illumination 
during water splitting, HRTEM analysis of the photocatalyst after the fourth run was 
carried out (Fig. 15b). It is clearly visible from the micrograph that there was no change 
in the catalyst as far as morphology and particle size is concerned. 
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Figure 14. a) Schematic representation of e–h+ transfer process. Representative possible 
Z-scheme mechanism for b) mineralization of dyes and c) H2 evolution over the xRGO–
Ag3PO4 heterostructure under visible light illumination. Reprinted with permission.  
Copyright 2016, Samal et al. Wiley-VCH. [62] 

 

Figure 15. a) Reusability test for water splitting experiments up to the fourth run. b) TEM 
micrograph of 4RGO–Ag3PO4 nanocomposite employed after fourth run. Reprinted with 
permission.  Copyright 2016, Samal et al. Wiley-VCH. [62]   

To briefly summaries, we have reviewed various strategies that have been employed to 
improve the photocatalytic properties of Ag3PO4 for organic contaminant degradation 
(Table 1). Although, many significant improvements in developing Ag3PO4 based 
photocatalysts have been made up till now, the current performance is still far from 
satisfactory for practical applications and more improvement is needed.  
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Table 1. Recent studies on Ag3PO4 based photocatalysts and corresponding organic 
pollutant degradation efficiency. 

Photocatalyst Organic pollutant degradation efficiency[Ref] 

RGO-Ag3PO4 Z-scheme 
heterostructure 

20 mg/L of concentration of organic dyes got degraded upto 
100% in 5 min of visible light irradiation (our work)[62] 

Ag3PO4 nanocrystals 90% MB degraded within 80 min, 2 and 4.6 times higher that 
of Ag3PO4 microcrystals and N-doped TiO2-P25 [63] 

Graphene/nanosized-
Ag3PO4 

90% MB degraded within 10 min [64] 

Ag3PO4 porous 
microcubes 

99% RhB degraded within 24 min, 2 times higher that of solid 
Ag3PO4 samples [65] 

Various Ag3PO4 crystals 
(branch, tetrapod, 
nanorod, and triangular 
prism) 

100% MB and 98% RhB degraded on branched Ag3PO4 
within 30 min and 35 min [66] 

Dendritic Ag3PO4 Completely RhB degradation in 3 min, about 500 times higher 
that of N-doped TiO2 [67] 

Ag3PO4 rhombic 
dodecahedrons {110} 
and cubes {100} 

Rhombic dodecahedrons: completely MO and RhB 
degradation in 4 min and 3 min, around 560 and 360 times 
faster than that of commercial N-doped TiO2, respectively. 
Photocatalytic activities with the order rhombic 
dodecahedrons{110} 4 cubes {100} [68] 

Ag3PO4 tetrahedron 
{111} 

Photocatalytic activities with the order tetrahedrons {111} 4 
rhombic dodecahedrons {110} 4 cubes {100} (MB, MO, and 
RhB degradation) [69] 

Trisoctahedral Ag3PO4 
enclosed by {221} and 
{332} facets 

Completely degrade RhB: 3 min (Ag3PO4 trisoctahedrons), 8 
min (Ag3PO4 cubes) [70] 

Ag/Ag3PO4 Completely degrade RhB: 4 min (Ag/Ag3PO4 heterocrystals), 
8 min (Ag3PO4 cubes) [71] 
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Necklace-like Ag 
nanowire/Ag3PO4 cubes 

Completely degrade RhB: 2 min (Ag nanowire/Ag3PO4 
cubes), 8 min (Ag3PO4 cubes) 

Completely degrade MO: 8 min (Ag nanowire/Ag3PO4 cubes), 
14 min (Ag3PO4 cubes) [72] 

Ag3PO4/AgBr/Ag 3.8 and 3.2 times MO and MB degradation rates those of 
Ag3PO4, respectively [73] 

Ag3PO4–graphene Nearly 100% RhB degraded in 2 min, about 2 times faster than 
that of Ag3PO4 polyhedra [74] 

Graphene oxide–Ag3PO4 9.3 times MB degradation rates that of Ag3PO4 nanocrystals 
[75] 

Ag3PO4/nitridized-
Sr2Nb2O7 

70 times isopropanol decomposition rate of pure Ag3PO4 [76] 

Bi3+ doped Ag3PO4 7.3 times MO degradation rate that of undoped Ag3PO4 [77] 

4. Ag3PO4 photoactivity based on morphology 

It is commonsensical in the field of photocatalysis, the morphology (size, shape and kind 
of exposed facets etc.) of the photocatalysts has a control on the efficiency and activity. 
So, in case of Ag3PO4/based materials also this morphology engineering has a significant 
effect. Since, Ag3PO4 is a promising photocatalyst, lots of researches have been 
conducted to the morphology tuning. Such novel shapes as branch, tetrapod, nanorod, 
triangular prism [66] pine tree [78] and porous microcubes [79] are successfully obtained. 
Generally, those preparation methods involve precipitation (with the aid of Ag+−ligand 
complex, organic additives or templates) [79,68], chemical or electrochemical oxidation 
of metallic Ag into Ag+ (subsequently captured by PO4

−2) [80], ligand assisted anion 
exchange process [81] and hydrothermal synthesis [82] etc. Except for modulating the 
inner conditions of the reactions, those outside factors like ultrasound were also 
demonstrated to be influential to the morphology [66]. Wang et al. [83] first managed to 
synthesize uniform tetrapod-like Ag3PO4 microcrystals (T-Ag3PO4) with a simple 
hydrothermal method without adding any template or surfactant. He used the precursor 
was phosphoric acid while they tuned the pH value of the reaction system by urea.  
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Figure 16. SEM images of T-Ag3PO4 at different magnifications (a,b), XRD patterns of 
tetrapod-like and irregular Ag3PO4 (c) and degradation of RhB with tetrapod-like 
Ag3PO4, irregular Ag3PO4 and N-doped TiO2 under visible-light (λ>420 nm) (d). 
Reprinted with permission.  Copyright 2013, Wang et al. RSC Publishing group.[83] 

By varying the amount of the urea, reaction time and temperature, the morphology of the 
product was successfully tuned by the researchers. As the SEM images (Fig. 16(a) and 
(b)) shown, four arms of the tetrapod are cylindrical microrods with an average diameter 
of 5 μm and a length of 15−30 μm. And the XRD patterns showed (Fig. 16(c)), the 
intensity ratios of (110)/(200) and (222)/(321) for T-Ag3PO4 are 2.9 and 1.6, which are 
remarkably higher than those (0.56 and 0.9) of the irregular counterpart, respectively.  

From the XRD pattern, the high exposing rate of the (110) facet is demonstrated by the 
researchers too. They described the origin for higher intensity ratio of (110)/(200) is 
credited to the high surface energy of (110). The activity of the product was verified in 
RhB degradation (Fig. 16(d)). In comparison with N-doped TiO2, the Ag3PO4 samples 
exhibited higher catalytic activities, while the T-Ag3PO4 possessed the highest activity. 
The highest activity of T-Ag3PO4 was resulted from the higher surface energy of (110) 
facets than those of (200) facets. 

While considering a special example with the preparation method, Jiao et al. [70] 
fabricated various shaped Ag3PO4 microcrystals based on the heteroepitaxial growth 
procedure, in which different seeds were added into the reaction system before 
precipitation happened. This is a procedure well recognized in the field of nano 
fabrication, in which the nucleation and crystal growth are separated in terms of space 
and time [84]. Fig. 17 [70] illustrates the synthesis procedure along with the SEM images 
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of the products. In point of fact, the structure multiplicity of the crystal nucleus will lead 
to drastically different shaped products, the usage of pure single sorts of seeds are 
beneficial to forming pure, uniform shaped crystals as well as to obtaining the desired 
morphology. Though, in the literature no such comparison is reported between 
individuals in terms of activity, nearly all of them showed an enhanced reaction rate with 
regard to the spherical counterpart and N-doped TiO2. Considering the large amount of 
the researches, some of the reliable and representative instances are listed in Table 1 with 
regard to the morphology, preparation method and photocatalytic activity. 

Dong et al. interestingly synthesized Ag3PO4 microcrystals with different morphologies, 
including tetrahedrons with round edge sand corners, short tetrapods, polyhedrons, and 
dendritic long tetrapods via simple and green routes [85]. When the group increased the 
concentration of KH2PO4 to 0.6 mol L−1, the number of short tetrapods increased 
basically.  They showed clearly in the morphological description that tetrahedral crystal 
nucleus with exposed {111} facets are in the centre of four short arms and the four arms 
with length of 1 μm preferentially grow along the [110] direction.  And when glacial 
acetic acid was added into system the tetrapods with longer dendritic arms formed as 
main product. Every arm is like one dendrite with symmetrical sawtooth and one fillister 
runs through the whole dendrite. They described the formation of dendritic tetrapods is 
attributed to the decrease of nuclei number in the initial reaction stage because of the 
introduction of glacial acetic acid. It was revealed that Ag3PO4 tetrahedral, tetrapods and 
dendritic long tetrapods could absorb visible light with wavelengths shorter than 530 nm, 
whereas the adsorption edge of polyhedrons is at 510 nm. The authors examined the 
photocatalytic activity of Ag3PO4 products and N-doped TiO2 nanoparticles at the first 
cycle. They also seen that even though the ambient temperature was as low as 13 oC, all 
the Ag3PO4 products presented excellent photocatalytic activity and tetrahedral Ag3PO4 
with round edges and corners had the highest activity. Bi et al. fabricated concave 
trisoctahedral Ag3PO4 microcrystals enclosed with {221} and {332} facets based on the 
heteroepitaxial growth procedure, which exhibit much higher photocatalytic activities 
than cubic Ag3PO4 and commercial N-doped TiO2 [68].  
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Figure 17. Schematic illustration of growth process of Ag3PO4 with different 
morphologies fabricated by seed-mediated method using different seeds (a) and SEM 
images of four kinds of products (b-e). Reprinted with permission. Copyright 2013, Jiao 
et al. RSC Publishing group.[70] 
 

Jiao et al. [70] fabricated concave trisoctahedral Ag3PO4 microcrystals enclosed by {221} 
and {332} facets based on the heteroepitaxial growth procedure, which exhibit much 
higher photocatalytic activities than cubic Ag3PO4 and commercial N-doped TiO2 as 
shown in Fig. 18. Fig. 18(a) shows a SEM image of a single trisoctahedral Ag3PO4 and 
they used red lines to accurate the edges that form the outline of the trisoctahedral 
Ag3PO4. A model of trisoctahedral projected from the {110} direction has been shown in 
Fig. 18(b), and the four edge-on facets are indicated by the black arrows. Besides, their 
group compared the photocatalytic behaviors of trisoctahedral Ag3PO4 for the 
degradation of RhB under visible-light irradiation with cubic Ag3PO4 and N-doped TiO2. 
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They observed that except N-doped TiO2, both these Ag3PO4 photocatalysts showed 
excellent photocatalytic activities for the RhB degradation reaction Fig. 18(d). But, the 
trisoctahedral one is more active as compared to cubic Ag3PO4 photocatalysts. 
Furthermore, the photocatalytic behaviors of TOH Ag3PO4 for the degradation of RhB 
under visible-light irradiation were explored. For comparison, the performances of cubic 
Ag3PO4 and N-doped TiO2 were also investigated. As shown in Fig. 18(e), except for N-
doped TiO2, both these Ag3PO4 photocatalysts exhibited excellent photocatalytic 
activities for the RhB degradation reaction. Also they explained that although owning 
much larger dimensions than cubes (about 500 nm), the trisoctahedral Ag3PO4 
microcrystals exhibited higher photocatalytic activity than cubic submicro-crystals. 

 

 

Figure 18. (a) SEM image and (b) model of a TOH Ag3PO4 microcrystal viewed along 
the <110> direction. (c) SEM images of TOH Ag3PO4 and the inset is an ideal model 
fabricated by the average values of ten TOH microcrystals whose edges are accurated by 
blue lines. (d) UV-vis diffusive reflectance spectra and the inset show photographs and 
plots of (αhν)1/2 vs hν. (e) photocatalytic activities of TOH Ag3PO4 for RhB degradation 
under visible-light irradiation. Reprinted with permission.  Copyright 2013, Jiao et al. 
RSC Publishing group.[70] 

Ye et al. have developed a facile and general route for high-yield fabrication of single-
crystalline Ag3PO4 rhombic dodecahedrons with only {110} facets exposed and cubes 
bounded entirely by {100} facets [68]. Among them, the Ag3PO4 rhombic dodecahedrons 
exhibited the highest photocatalytic activity, as they could completely degrade MO dye in 
4 min under visible-light irradiation. In contrast, the cubes decomposed MO in 14 min, 
while the spherical Ag3PO4 particles required ∼28 min. They further studied the surface 
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structures and surface energies of Ag3PO4 {100} and {110} planes through density 
functional theory (DFT) calculations as shown in Fig. 19. 

 

 

Figure 19. Relaxed geometries for the (A) {110} and (B) {100} surfaces of Ag3PO4 based 
on a 192-atom slab model. The vacuum region was set to the same thickness as Ag3PO4. 
Reprinted with permission.  Copyright 2011, Bi et al. ACS Publications.[68] 

Wang et al. investigated a facile soft-chemical method for the synthesis of Ag3PO4 
crystals with various new morphologies like branch, tetrapod, nanorod, triangular prism 
(Fig. 20). Also, they studied the morphological effect on the photocatalytic activity of the 
obtained Ag3PO4 crystals [66]. They have studied the photocatalytic activity of branched 
Ag3PO4 and nanorod-shaped Ag3PO4 photocatalysts exhibit higher photocatalytic 
activities than the irregular spherical Ag3PO4 particles for MB degradation reaction. In 
particular, the branched Ag3PO4 exhibits the highest photocatalytic activity among these 
samples, as it could completely degrade MB dye in 30 min under visible light irradiation. 
In contrast, about 78% of the initial MB molecules were decomposed by the irregular 
spherical Ag3PO4 particles within 30 min. 

Teng et al. also found that the surface morphology and the crystal structure of the product 
were significantly affected by the amount of glycine added, the reaction time and the 
reaction temperature. In particular, glycine was found to be the most vital factor to 
control the growth of Ag3PO4 as can be evidenced from the Fig. 21. First, they have 
investigated the effect of the amount of glycine added to the products [86]. Furthermore, 
the method for degradation of Rhodamine B (RhB) was used as a probe reaction to 
investigate the photocatalytic activity of the etched Ag3PO4 under visible light irradiation. 
Ag3PO4 sample prepared at 2:1 has the highest degradation efficiency. 
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Figure 20. SEM images of branched (a), tetrapod (b), nanorod-shaped (c) and 
triangular-prism-shaped (d) Ag3PO4 crystal. Reprinted with permission.  Copyright 2013, 
Dong et al. RSC Publishing group.[66] 
 

 

Figure 21. SEM images (A–E) and XRD patterns (F) of the samples prepared at different 
molar ratios of glycine/Ag(I): (A) 0.5 : 1, (B) 1 : 1, (C) 2 : 1, (D) 3:1, and (E) 4:1. 
Reaction temperature: 20 °C; stirring time upon addition of phosphoric acid: 40 min. 
Reprinted with permission.  Copyright 2014, Wang et al. RSC Publishing group.[86]  
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Martin et al. [87] investigated the photooxidation of water using faceted Ag3PO4. The 
group wonderfully performed theoretical calculations to predict the optimum morphology 
for solar energy conversion by probing the surface energies of three primary low index 
facets of Ag3PO4: {100}, {110} and {111}. Fig. 22, shows the different morphologies 
confirmed by SEM micrographs. TEM tilt studies also they have shown in figure to 
confirm the tetrahedron morphology. The group also found that in comparison to rhombic 
dodecahedron {110} and cubic {100} structures, tetrahedral crystals show an extremely 
high activity for water photooxidation, with an initial oxygen evolution rate exceeding 6 
mmol h-1g-1, 10 times higher than either {110} or {100} facets. So, this informs the 
morphology as well as facet engineering has a great impact on the photo-catalytic activity 
of Ag3PO4.  

 

Figure 22. (a) SEM micrograph of Ag3PO4 crystals: (A) tetrahedron, (B) cubic, (C) 
rhombic dodecahedron, and (D) Materials Studio visualisation of a tetrahedron. (b) TEM 
tilt studies. A tetrahedron indicated by dotted lines is rotated on an axis from -66 to 
+50o. Reprinted with permission.  Copyright 2013, Martin et al. RSC Publishing 
group.[87] 
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5. Summary and outlook 

Silver phosphate is one of the most active photocatalysts recorded to date since its first 
application in photocatalysis in 2009, boasting quantum yields larger than all commonly 
known oxidation photocatalysts such as TiO2, BiVO4, and WO3. In this review, we have 
demonstrated that Ag3PO4 can be augmented in terms of both water photooxidation and 
decontamination including bacterial disinfection. The effective control on morphology 
and facet engineering affect the extraordinary activity of Ag3PO4 in a positive way which 
further gives a new light in the path of photocatalytic science. Particular faceted crystals 
have been shown to be more active due to preferential charge transfer to specific crystal 
planes. The construction of a heterojunction, e.g. metal–semiconductor, semiconductor–
semiconductor, or more purposefully, a p–n junction, is evidently beneficial for either 
photooxidation or organic decomposition. By transferring the charge carriers from either 
conduction or valence bands, by using interfaces such as RGO/C3N4/fullerenes, it is 
possible to both improve electron–hole separation and reduce photocorrosion. This is a 
very important aspect as experimental studies show the active species for degradation and 
oxidation is in most cases VB holes and a two-electron CB reduction. Unfortunately, 
scanty literatures are available towards the description of chemistry of water 
photooxidation efficiency of Ag3PO4. It would appear that photocatalyst stability remains 
as a major problem of Ag3PO4 in both water photooxidation and organic decomposition. 
To solve the problem, a suitable and readily available inorganic electron acceptor, e.g. 
metal ions such as Ce4+, Fe3+ etc., could be used to accept electrons from the CB of 
Ag3PO4. The more promising strategy is to build a junction structure where an electron 
acceptor e.g. carbon-based, Ag metal or (reduced) graphene oxide, is used to stabilize the 
photocatalyst as demonstrated by several preliminary studies, leading to the subsequent 
stable and efficient reduction and oxidation reactions. Subsequently, there is an urgent 
need for comprehensive experimental mechanistic studies to fully understand the nature 
behind enhanced stability created by combining Ag3PO4 with carbonaceous materials. In 
addition, the photocatalyst can also be chemically or photoelectrochemically rejuvenated 
in-situ using hydrogen peroxide or electrical bias respectively. Although, the outlook is 
promising, there are some important considerations which must be taken into account 
before commercialization. It is clear that a combination of crystal facet control, and 
heterojunction construction will be vital future components for both water splitting and 
water treatment. In the context of this review, Ag3PO4 is currently one of the most 
efficient photocatalysts to date, but an easy way to synthesize and the cost is highly 
sought after. By solving these problems, a practical device can be fabricated to obtain a 
commercially feasible system for solar fuel generation and water purification. 
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